We consider the monomer-dimer surface reaction without surface diffusion for various dimer adsorption mechanisms, described below. After a dimer impinges ''end on'' at an empty site, its bottom atom remains there while its top atom searches N1 sites, either in a local neighborhood (N-local models), or randomly located on the surface (N-random models), to find a second empty site. If one is found, the dimer can then adsorb dissociatively. The N-local models have a reactive window of finite width in the relative impingement rates, bordered by poisoning transitions, whereas the N-random models exhibit true bistability. As N increases, the reactivity is either strictly or effectively confined to relative impingement rates close to the stoichiometric ratio. We precisely analyze the limiting behavior as N->oo.
I. INTRODUCTION It is instructive here to consider first a rather general class of surface reaction models [1] , involving molecules A of m A atoms and B"ofn B atoms, which include the following steps:
A (g)+mE -&m A (ads),
8"(g)+nE~nB(ads),
A (ads)+8(ads} -+ AB(g)+2E .
Here (g) represents a molecule in the gas phase, (ads) represents an adspecies, and E represents an empty adsorption site. We assume that A (g) impinges on the surface with rate P"and B"(g) with rate Pit and that these species dissociatively adsorb if they find appropriate ensembles of empty sites. We normalize P~+Pz to uni- ty. Adjacent adsorbed species of different types react to form AB (g) at rate k, which could be infinitesimal, finite, or infinite. In general, there may be adspecies mobility.
For a steady state to exist, since the removal rates for species A and B are necessarily always equal, it follows that the adsorption rates for both species must also be equal. It is important to note here the following distinction. The impingement rate is the rate at which adsorption events are attempted (successful or not), while the adsorption rate is the rate of successful adsorption attempts multiplied by the number of atoms in the adsorbing molecule.
If m =n and both A (g) and 8 (g) adsorb randomly on identically shaped configurations of empty sites, then clearly the ratio of the adsorption rates for species A and B is exactly equal to the ratio of the impingement rates (independent of the statistics of the adlayer). Therefore a reactive steady state is only possible if P~= P~. If there is an imbalance in impingement rates, then the species with the higher impingement rate will poison the surface [2] . This behavior is well known for the monomermonomer or A +8 reaction model (m =n =1). Here it is also known that no true steady state exists even when P~=Pz, but that the system slowly poisons as domains of A(ad) and 8(ad) grow in size [3, 4] . The behavior is analogous to that of the two-dimensional (2D) Voter model [4] . Presumably poisoning also occurs when P~= P~for m =n )1, except that the poisoned state will be a nontrivial jammed state incorporating empty sites, but no adsorption ensembles of m =n empty sites [2] . Also borhood, but not on the order in which the sites are sampled. The presumably weaker dependence on this order will appear in the hierarchic rate equations for the probabilities for multisite configurations.
Since the reaction mechanism guarantees that the removal rates of A and B
The dimer adsorption mechanism in these models can be described as follows. An empty site is chosen at random and then a local neighborhood of N sites is sampled in a fashion prescribed below, adsorption of B2(g) occurring if at least one empty site is found in this neighborhood. For N =1, one nearest neighbor is chosen at random and our model corresponds to the standard Ziff- Gulari-Barshad (ZGB) monomer-dimer reaction model [6] . We circumvent metastability problems by utilizing a constant-coverage kinetic ensemble [13] Fig. 1(b) ] and found only a small variation (about 0.6%) from the location for the original N = 8 geometry shown in Fig. 1(a) .
B. The continuous transition: Epidemic analysis
We determine the location of the continuous transition yi by means of an epidemic analysis [12] , wherein one monitors the evolution of an initially empty patch (in this case a single site) on an otherwise B-poisoned surface.
We determined the "survival probability" P ( t } that the patch has not become B poisoned at time t for various values of y. P(t) should saturate at a nonzero asymptotic value for y &y&, where there is a finite probability of indefinite growth. However, P(t) should decrease ex- We now propose two scaling relations associated with the dependence of y, and y2 on N. For the width of the reactive window A=yz -y" if we assume that 0-X for large N, then our data (Fig. 4) O(10 ) changing from a 500 X 500 to a 1000X 1000 lattice].
It is appropriate to comment on why these models display true bistability, rather than a discontinuous 3- For the Y~'s, in both the N-local and ¹ andom adsorption models, we have We now present a rate equation analysis for both models in the mean-field site approximation. Here all spatial correlations are neglected, so multisite configuration probabilities simply factorized into products of site probabilities. However, the infinite reaction rate and the unusual dimer adsorption mechanism in the ¹localmod-el cause some complications. In this discussion, let A (B) also represent the coverage or concentration of A (B) on the surface, and let E represent the fraction of empty sites. For both species J= A and 8, it is convenient to introduce rates for nonreactive (NR) adsorption Yz(NR) and reactive (R) adsorption (adsorption followed by instantaneous reaction) Yz(R), as well as the previously discussed total (T) adsorption rates YJ(T)= YJ(NR) + Yz(R). Then the rate equations (for infinite reaction rate) have the form [14, 15] Yz ( T) =yE, Y"(NR)=yE (1 8-) The first result is exact ( Fig. 6 ) neighboring the direct adsorption site, weighting by the probability that the top atom selects the empty site of interest to fill indirectly. Performing this sum (see Fig. 6 ) yields the above expression, which can also be understood as follows. Pick the site of interest to be filled indirectly. As noted above, one of the four neighbors must be the direct adsorption site and must be empty, contributing a factor of 4E; the other neighbors cannot be occupied by A, contributing a factor of (1 -A) . In order for the top 8 atom to land, at least one of the neighbors of the direct adsorption site must be empty, contributing a factor [1 -(1 E) I . There i-s a probability of -, ' that this neighbor is the site of interest. Contributions to Fz from indirect filling of other shells can be understood similarly. For dimer adsorption on an infinite lattice, the two B's will land on infinitely separated randomly selected sites. Clearly the probability that either will react is the same and therefore the direct and indirect contributions to Yz are equal. The only diiT'erence from the total rate is that we must multiply by the probability that there are no A' s on the four nearest neighbors of the adsorbed 8. 
